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Description 

[0001] Compounds of structure I shown below are very active antlhypercholestrolemic agents that function to limit 
cholesterol biosynthesis by inhibiting the enzyme HMG-CoA reductase. 




b:R = H 



25 



[0002] Compounds of structure I include the natural fermentation products mevinolin (structure la where R=CH3. 
disclosed in U.S. Pat. No. 4,231 .938, and also known as lovastatin), compactin (structure lb where R=H, disclosed in 
30 U.S. Pat. No. 3,983,1 40), and a variety of semi-synthetic and totally synthetic analogs thereof, all having the natural 
2-methylbutyrate side chain. 

[0003] Compounds of structure II shown below having a 2,2-dimethylbutyrate side chain (e.g., simvastatin, structure 
I la where R=CH3) are known to be more active inhibitors of HMG-CoA reductase than their 2-methylbutyrate analogs, 
and thus of greater utility In the treatment of atherosclerosis, hyperlipemia, familial hypercholesterolemia, and similar 
35 disorders. 
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[0004] The recent introduction into the market of simvastatin (Ila), a more potent HMG-CoA reductase inhibitor than 
lovastatin (la), has provided a need for a high yielding process which is more economically efficient and environmentally 
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sound than those disclosed In the prior art. 

[0005] Compounds of structure l{ (e.g., simvastatin) with the 2,2-dimelhylbutyrate side chain, and processes for their 
preparation are disclosed in U.S. Pal. No. 4,444,784 and EPO published patent application No. 33538. The process 
disclosed therein involves four distinct chemical steps: 



(1) de-esteriflcatlon of the 2-methylbutyrate side chain; 

(2) protection of the 4-hydroxy group of the pyranone ring; 

(3) re-esterification of the side chain to form the desired 2.2-dimethylbutyrate; and 

(4) deprotectlon of the 4-hydroxy group. 



This route is tedious and gives low overall yields. 

[0006] Simvastatin has also been prepared by the a-alkylation of the ester moiety as described in U.S. Pat. Nos. 
4,582,915 and 4,820,850. 

[0007] U.S. Pat No. 4,582,915 (1986) discloses the direct melhylation of the natural 2-(S)-methylbutyryloxy side 
is chain of mevinolin in a single chemical step using a metal alkyi amide and a methyl halide to give simvastatin. This 
process suffers from poor conversion rate of the C-methylation step. Additionally, many side reactions take place due 
to methylation at other sites of the molecule. The C-methylation conversion rate may be improved to some extent by 
a second or a third charge of the amWe base and methyl halide. Even so, the overall yields are moderate. Also, the 
purity of simvastatin obtained by this process is close to borderline for use as a human health-care product. 
20 [0008] U.S. Pat. No. 4,820,850 (1989) discloses a process wherein high conversion C-methylation of the 2-(S)- 
methylbutyryloxy side chain of mevinolin takes place with a single charge ot amide base and alky) halide. The process 
described in this patent comprises six steps and is not economical as it involves the protection and deprotectlon of the 
two hydroxy groups of the intermediate lovastatin butylamide using an expensive silylating agent, tertbutyldimethylsilyl 
chloride. 

25 

Summary ot the Invention 

[0009] The present invention provides a novel process and novel intermediates for the preparation of simvastatin 
(Ma). The novel process may be depicted by the following reaction scheme: 

30 
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REACTION SCHEME 
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R2«Na,K.NH4 
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CONH-R3 

OH 




IV 



(a) R3 = Butyl 



CONH-R3 
OH 



HO, 



(t)NaOH 
(it)NH40H 
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[0010] Salient features of the invention include: 

(a) Simvastatin may be prepared from a salt of mevinolinic acid as the starting material rather than lovastatin. 

(b) Simvastatin is prepared in a four step process which does not include the protection and deprotection of the 
two hydroxy groups of the open pyranone ring. Heretofore, the methods described in the prior art require the 
protection and deprotection of the hydroxy groups as essential steps for the preparation of simvastatin. 

(c) In a preferred embodiment, the novel intermediate lovastatin cyclopropyl amide (I lib) is prepared from the 
starting material (lovastatin or a salt form of mevinolinic acid). This novel intermediate Is then converted into a 
second novel intermediate (IVb). 

[001 1 ] Simvastatin prepared by the Inventive process has certain advantages in commercial manufacture. The purity 
and yield of simvastatin from the inventive process is high, with less consumption of reagents, time, labor, and cost, 
and in fewer steps. 

IS Detailed Description of the invention 

[001 2] The starting material for the method of the present Invention Is lovastatin (la) or mevinolinic acid (Ic), the latter 
being the open ring form of lovastatin. Mevinolinic acid is produced by fermentation of Aspergillus terreus (see U.S. 
Patent No. 4,231,938). Either lovastatin (ia) or the salt fomn of mevinolinic acid (Ic) will typically be employed as the 
20 starting material. The term "mevinolinic acid" unless otherwise specified includes suitable salt forms thereof; any salt 
which will not interfere with other reagents or conditions used in carrying out the present invention is permissible. The 
alkali metal sails, e.g., Na and K, or, preferably, the ammonium salt form, may be employed. 

[0013] Lovastatin is obtained from mevinolinic acid via lactonization by methods known in the art, and is isolated by 
loss incurring crystallization techniques. There is ca. 20% material loss in converting naturally occurring mevinolinic 
25 acid to lovastatin. One objective of this Invention is to eliminate this loss by employing mevinolinic acid as the starting 
material rather than lovastatin. 

[0014] According to the novel process of the present invention, simvastatin (I la) is prepared by reacting lovastatin 
(la) or mevinolinic acid (Ic), preferably in the ammonium salt form, with an n-alkiyamine or a cycloalkylamine of formula 
Rg-NHgr wherein Rg is Cg-Cg. Preferably, the amine R3-NH2 is cyclop ropy lamine and the intermediate that is formed 
30 Is lovastatin cyclopropylamide (II lb). Alternatively, the amine R3-NH2 is n-butylamine and the intermediate that is formed 
is lovastatin n-butyiamide (tlla). 

[0015] The cyclic intermediate amide Ilia or lllb thus prepared is dissolved in dry tetrahydrofuran and is added to a 
solution of alkali metal amide, e.g., lithium pyrrolidide in THF at a temperature of about -35*C to -40*C. Lithium pyrro- 
Mdide is generated in situ by the reaction of n-BuL) with pyrrolidine In THF. The solution of intermediate amide Itia or 

35 1Mb. and the |n situ generated base is aged at about -SS*" to -40*'C for 1 hour, and dried alkyi halide, preferably methyl 
Iodide (2 to 3.5 mol. eq.). Is added In a single charge. The contents are stirred at about -30*C for 1 hour, warmed to 
-10*C and aged at this temperature for 20 minutes. Water is added to the reaction mixture and the layers are separated. 
The THF layer is washed with a mineral acid, preferably hydrochlork; acid, and then concentrated to an oily mass which 
contains the intemiediate IVa or IVb. 

40 [0016] To the solution of intemnediate IVa or IVb in methanol, without purification, is added 2.0N NaOH and is refluxed 
at about 80** to 81**C for 2 to 6 hours, preferably for 2 hours. The mixture Is cooled to about 50'C, and the methanol 
is stripped off at reduced pressure and then diluted with water. The mixture is then acidified at about 1 0^^C by careful 
addition of 2.0N HCI maintaining a pH of 6. extracted with ethyl acetate, while further acidifying to a pH of 4. The ethyl 
acetate layer is separated and the hydrolyzed product is precipitated out as a crystalline material in the form of am- 

'*5 monium salt (V) by slow addition of methanolic ammonium hydroxide over a period of 30 minutes at about 22'-25**C. 
followed by cooling to 5*C- 

[0017] The ammonium salt (V) is relactonized by heating in a hydrocarbon solvent such as toluene. The mixture is 
suspended in toluene, heated and stirred at about 100*-110*C for 2 to 10 hours, preferably at about IDS'* for 5 hours, 
under a sweep of nitrogen gas. The mixture is then cooled to about 35'*C. carbon treated, filtered, and the filtrate is 

so concentrated under reduced pressure at about a 60*C bath temperature to one-tenth of its original volume. The lactone 
is crystallized from a hydrocarbon solvent such as cyclohexane to give simvastatin (lla) of high purity. 
[0018] In a most preferred embodiment of the novel process of this invention, mevinolink: acid (Ic) in Its ammonium 
salt form is used as the starting material and is converted into lovastatin cyclopropylamide (lllb). The mevinolinic acid 
salt is suspended in toluene and refluxed for 5-6 hours at about 100*-110**C, preferably at about 105^-107'C. The 

55 resulting solution is concentrated to one tenth of its volume by distiliing the toluene at reduced pressure at about 50*- 
55''C bath temperature. Cyclopropylamine is added at 30*C and the mixture again heated for 4-5 hours at about 40*- 
50*C. Toluene and unreacted cyclopropylamine are distilled off at reduced pressure to afford lovastatin cyclopropyla- 
mide (lllb) in quantitative yield. The cyclic amide thus prepared is used as such without purifk^ation in the next step of 
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C-methylalion in a similar way as described above without the protection of the dihydroxy system lo give simvastatin 
(ila). 

[0019] The following examples further illustrate the present invention: 
5 Example I 

Preparation of Simvastatin (Ha) from Mevinolinic Acid Ammonium Salt (lb> Usin g Cyciopfopylamrne 

Step-1 : N-Cyclopropyi-7-[1^.6,7,8,8a(R)-hexahydro-2(S). 6(R) -dlmethyl-8 (S) - [(2(S)-methylbutanoyl]oxyl -1 
10 {S)-naphthyl]-3(R),5(R)-dlhydroxyheptanolc acid amide (Ilib) 

[00201 Mevinolinic acid ammonium salt (Ic) (12.5 g, 0.296 moles) was suspended in toluene (400 ml). The mixture 
was heated and stirred at 1 05-1 07^ under a sweep of nitrogen gas for 5 hours. The temperature was lowered to 60'C 
and about 360ml of toluene was distilled off. Cyctopropylamine (1 2 ml, 0.1 72 moles) was added at SO'^C and the solution 

IS was again stirred at 40-45**C for 4 hours. The toluene was slowly stripped off at reduced pressure and at a bath tem- 
perature of SS^C to afford the title compound in gum-like form. HPLC purity = 99.63%; 'H NMR (CDCI3, 300 MHz): 6 
0 495 (m 2H), 6 0.50 (m, 2H), 8 0.86 (m. 6H). 5 1 .08 (m, 6H). 5 2.3 (d. 2H). 5 2.6 (m.1 H), 5 3.7 (m, 1 H). 6 4.1 8 (m. 1 H), 
5 5.4 (m.'l H). 5 5.5 (bt, J = 3.0 Hz. 1 H), 5 5.7 (dd. J = 6,1 . 9.5 Hz. 1 H).. 5 5.9 (d, J = 9.6 Hz, 1 H), 5 6.2 (bt, J = 5.3 Hz. 
1H); IR(CHCl3) : X max 3500 - 3300 (b). 3000, 1740, 1660. 1530. 1450. 1210. 860, 760 cm-\ 

20 [0021] This gum was directly used in the next step without purificatfon. 

Step-2 : N-Cyclopropyl-7-[1 ,2,6,7,8,8a(R)-hexahydro-2(S), 6{R)-dimethyl-8(S)-[[2,2-dlmethyl-butanoyl]oxyH 
(S)-naphthyl]-3(R),5(R)-dlhydroxyheptanoic acid amide (iVb) 

25 [0022] Pyrrolidine (13.5 ml, 0.163 moles) in THF (50 ml) was cooled to -45*»C and n-butyl lithium in hexane (1 .6 M, 
100 ml, 0-163 moles) was added under nitrogen at such a rate so as to maintain a temperature of -20'' to -15°C. The 
mixture was stirred at -20* to -25'C for 40 minutes after the completion of addition. 

[0023] A solution of compound llfb in THF (300 ml) was prepared as described above and then slowly added via a 
cannula maintaining the temperature below -35*C during the whole addition. The solution was aged at -35** to -40*C 
30 for 1 hour. Sieve dried methyl iodide (4.82 ml, 0.077 moles) was added in a single lot. The off-white, cloudy solution 
thus obtained was stirred for 1 hour at -35* to -33»C. then warmed to -10'C and aged for 20 minutes. Distilled water 
(1 05 ml) was added to the reaction mixture and the contents vigorously stirred for 5 minutes. The layers were separated 
and the upper THF layer was treated with 1 N HCI (1 05 ml). The THF layer was concentrated at reduced pressure to 
a volume of about 40 ml to yield the title compound IVb. wherein R3 is cyclopropyl. 

35 

Step-3 : 6(R)-[2-[8(S)-(2,2-dlmethylbutyryloxy)-2(S),6(R)-dimethyl-1 ,2.6,7.8,8a(R)-hexahydro.1 (S)-naphtliyl] 
ethyl]-4(R)-hydroxy-3,4,5,6-tetrahydro-2H-pyran-2-one (lia) (Simvastatin) 

[0024] To the concentrated solution from the previous step containing compound IVb was added an aqueous solution 
40 of NaOH (2N, 25 ml) and MeOH (1 75 ml) . The mixture was refluxed at 80*-81 •C tor 2 hours. The mixture was cooled 
to 50*C. maximum MeOH was stripped off at reduced pressure, and diluted with water (90 ml). Acidification of the 
solution was done at 1 0*»C by careful addition of 2N HCI (pH 6). Ethyl acetate (200 ml) was added and the mixture was 
vigorously agitated while further acidifying to pH of 4. The ethyl acetate layer was separated from the aqueous one. A 
solution of NH4OH and MeOH (1:1,10 ml) was slowly added in over 30 minutes at 22*-25''C- The precipitates were 
45 stirred at 25'C for 1 .5 hour, cooled to 5*C and stirred at this temperature for 30 minutes. Filtration followed by washing 
with cold ethyl acetate (25 ml) and drying in vacuum at 35"C afforded the ammonium salt (V). 

[0025] The crude ammonium salt (V) from the previous step (1 0 g, 0.022 moles) was suspended in toluene (350 ml). 
The mixture was heated and stirred at 1 05*C under a sweep of nitrogen for 5 hours. The solution was cooled at 35*C. 
activated charcoal (0.5 g) was added, stin^ed for 0.35 hour, and then filtered through celite bed. The filtrate was con- 
50 centrated in vacuum to a volume of 40 ml at eo^'C bath temperature. Cyclohexane (125 ml) was added and the solution 
again refluxedfor 15 minutes, cooledfor 1 hourto26'»C. and further cooled to 10* - 12»Cfor30 minutes.The precipitates 
were stirred at 1 - 1 2° C for 30 minutes, filtered and washed with cold cyclohexane (50 ml), dried In vacuum at 35*C 
to give white crystalline product (Ila) which was further crystallized from absolute ethanol to afford the title product of 
>99% purity. 
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Example II 

Preparation of Simvastatin (Ita) from Lovastatin (la) Using Cyclopropylamine 

5 Stcp-1 : N-Cyclopropyl-7-[1^,6,7,8,8a(R)-hexahydro-2(S), 6(R)-dlmethyi-8) SH2(S)-methylbutanoyl]oxy]-1(S>> 
naphthyl]-3(R),5(R)-dihydroxyheptanoic acid amide (lllb) 

[0026] Lovastatin (la) (12.5 g, 0.03 moles) was suspended in cyclopropylamine (13 ml, 0.174 moles) at 25"C. Tiie 
mixture was slowly heated to 40-45''C and stirred at this temperature for 5 hours. Excess amine was evaporated off 
10 at reduced pressure and a 40'C bath temperature to afford the title compound in gum-like fomi. This gum was directly 
used in the next step without purirication. 

Steps 2-3: Compound (lllb) obtained from the previous step was converted into simvastatin (Ha) by following the same 
procedure as described for Example I. 

15 

Examples lit and IV 

Preparation of Simvastatin (lia) from Lovastatin (la) and Mevlnolinic Acid Ammonium Salt (ic) Using n- 
Butylamine 

20 

[0027] Simvastatin (lia) was prepared from lovastatin (la) and mevinolinic acid ammonium salt (Ic) as starting ma- 
terials folfowing the same steps as described in Examples I and il but substituting equimolar quantities of n-butylamine 
in place of cyclopropylamine. 

[0028] While the invention has been described by reference to specific embodiments, this was for purposes of ilius- 
25 tration only. Numerous alternative embodiments will be apparent to those skilled in the art and are considered to be 
within the scope of the claims. 

Claims 

30 

1 . A compound of structural fomiula lil*: 



45 



35 



40 




wherein R' is methyl, R3 is cyclopropyl, and wherein n=1 or 2. 



50 



2. The compound of claim 1 wherein n = 1 . 



3. The compound of claim 1 wherein n = 2. 



55 



4. A process for preparing a compound of structural formula III: 
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20 



HO^ 




C»NH-R3 
OH 



in 



wherein R3 is cyclopropyl, comprising treating a compound of structural fomriula V : 




r 



35 



wherein R is: 



40 



HO 




or 



HO 




COOR2 
OH 



so 



55 



and R2 is Na, K, or NH4. with cyclopropyl amine'. 

5. The process of claim 4 wherein 1^ is NH4. 

6. The process of claim 4 further comprising methylating the methylbutyrate side chain to produce a compound of 
structural fomiula IV: 
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wherein R3 is as defined above. 
Pate ntansprilche 

1 . Eine Verbindung der Strukturfonmel III', 




wobei R* methyl, R3 cyclopropyl darstellt und wobei n = 1 oder 2 ist. 

2. Die Verbindung aus Definition 1 wobei n = 1 . 

3. Die Verbindung aus Definition 1 wobei n = 2. 

4. Ein ProzeB zur Herstellung einer Verbindung der Strukturformel III: 




9 



EP0 864 560B1 

wobei R3 cyclopropyl darstellt, das sich bildet bei Behandlung einer Verbindung der Strukturformel T mit Cyclo- 
propylamin 



wobei R 




ist und Rg Na, K, oder NH4 darstellt. 

5. Der ProzeB von Definition 4 wobei R2 NH4 darstellt. 

6. Der ProzeB von Definition 4 und daruber hinaus die Ausbildung einer Methylierung der Methylbutyrat Seitenlcette, 
unn eine Verbindung mit der Strulcturfomnel IV zu produzieren. 




wobei R3 wie oben deflniert ist. 
Revendications 

1. Compose caracterise par la formule Ml' suivante : 
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CX)NH-8» 
OK 



or 



is dans laquelle R' represente le methyle, R3 repr^sente le cyclopropyle, et dans laquelie n = 1 ou 2. 

2. Compose selon la revendication 1 , dans laquelle n = 1 . 

3. Compost se(on la revendication 1 , dans laquelle n = 2. 

20 

4. Precede de preparation d'un composd caracterlse par ta fonmule III suivante : 



HQ 




35 



dans laquelle R3 repr6sente le cyclopropyie, et comprend le trartement d'un compost caracterlse par lafomiule V 



40 



45 



dans laquelle R represente : 
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et represente Na, K, or NH4, avec I'amine cyclopropyle. 

Procdde de preparation selon la revendication 4, dans laquelle R2 represente NH4. 

Precede de preparation selon la revendication 4, qui comprend de plus la melhylatlon de la chaTne secondaire du 
m^thytbutyrate pour obtenir un compost caractertse par la f onnule IV suivante : 




dans iaquette R3 est d^fini selon les mentions pr^citees. 
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